Ceramic/metal substrate, especially composite substrate 



The invention pertains to a ceramic/metal substrate; a ecording to proamble ; pat e nt 

UlLil III I . 

Ceramic/metal substrates are known, especially ceramic/copper substrates. These 
substrates are used for the manufacture of electric or ^electronic circuits, especially 
electric or ^electronic power circuits, and form the "printed boards" for these. 

In the simplest case, such substrates have a ceramic layer that is provided with 
metal ization on both surfaces, of which for example the metal ization on the top of the 
ceramic layerj^textured or structured in such a way, for example by using an etching 
process^t hat sai d- metal ization then forms the conductors, contact surfaces etc. 
required for the switching circuit. 

For the efficient production of electric or ^electronic circuits, a composite or multiple 
substrate (DE-PS 43 19 944) is known, in which at least two single substrates that are 
connected to each other as one piece are integrally formed on a large-format ceramic 
plate or I ay err and that are provided with at least one metal surface on at least one 
surface of the ceramic layer and connect by means of at least one predetermined break 
line in the ceramic layer. The separation of the composite substrate into the single 
substrates takes place on these predetermined break lines ak© after applying of the 
electric or ^electronic components, by means of breaking. The disadvantage of this is 
that - due to internal tensions in the ceramic/metal substrate that result from the 
temperatures arising when applying the metal izations and due to the different thermal 
expansion coefficients of ceramifcand metal - uncontrolled fractures, separation or 
breakage can occur. Although such uncontrolled breaks occur in only 1 to 5 % of all 
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cases, the resulting loss of production and damage is not inconsiderable, especially 
when the separation into the single substrates does not take place until after assembly. 

The application of the metalization takes place in a heat process, i.e. in a process using 
considerable temperatures. Thus it is known, for example, that the metalization 
required for electric conductors, connections etc, on ceramic, e.g. on aluminum-oxide 
ceramic is produced by means of the so-called "DCB process" (direct copper bond 
technology), using metal or copper foils or metal or copper sheets forming the 
metalization that have a layer or a coating (melt-on layer) consisting of a chemical 
compound of the metal and a reactive gas, preferably oxygen. In this process, which is 
described for example in US-PS 37 44 120 or DE-PS 23 19 854, this layer or coating 
(melt-on layer) forms^eutectic system with a melting temperature under the melting 
temperature of the metal (e.g. copper), so that by application of the foil on the ceramic 
and by heating all layers these can be connected to each other, by melting on the 
metal or copper osseptially only in the area of the melt-on layer or oxide layer. 

This DCB technology then has the following processing stages: 

Oxidation of a copper foil in such a manner that an even copper oxide layer is 
formed; 

Application of the copper foil to the ceramic layer; 

Heating of the compound to a processing temperature between approximately 
1065 and 1083°C, e.g. to approx. 1071 °C; 

Cooling to room temperature. 

The object of the invention is to avoid this disadvantage. Ufr- ordcrtu attain this obj^n, a 
ce ramic/motal subsiiaLB avoiding to paten t Claim I is embodied. 
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'Surprisingly, random or uncontrolled breaks can be reduced considerably (proven up 
to 75%) when separating the ceramic/metal substrate with the embodiment according 
to the present invention. 



invention is described in more detail using example embodiments in the following 
figures, wherein: 

Fig. 1 shows a simplified representation in top view of a ceramic/metal substrate in the 
form of a composite substrate according to the present invention in 
unassembled condition^ 

Fig. 2 shows a simplified representation in bottom view of the composite substrate in 
Fig. 1; 

Fig. 3 shows a section corresponding to the line I — I in Figure 1 ; 

Fig. 4 shows an enlarged partial representation of the rear view of the composite 
substrate in Fig. 1; 

Fig. 5 shows a partial section through the composite substrate in a possible 
embodiment; 

Fig. 6 shows an enlarged partial representation of a view of the bottom of the 
composite substrate in Fig. 1 in the area of a single substrate in a further 
possible embodiment; 

Fig. 7 shows a partial section corresponding to the line II - II in Figure 6; 

Fig. 8, 9 and 10 each show an enlarged partial representation of a view of the bottom 
of the composite substrate in a further embodiment; 

Fig. 1 1 shows a section corresponding to the line III - III in Figure 10; 

Fig. 12 shows a representation similar to Figure 6 of a further possible embodiment; 

Fig. 1 3 shows a section corresponding to the line IV - IV of Figure 1 2; 



Ru cthpr pmbodim e ntr nf th7rj nv P n t i nn are the suhi &eE-ol Llm deuenUenl lldffflfr. The 
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Fig. 14 shows a simplified representation of a bottom view of a composite substrate of 
a further embodiment of the invention; 

Fig. 15 shows a section through the composite substrate of Figure 14 corresponding to 

the line V - V of Figure 14; 
Fig. 16 shows a top view of an assembled composite substrate; a«ci 
Fig. 1 7 shows a further possible embodiment in a representation similar to Fig. 2. 

For the sake of' simplicity, three perpendicular spatial axes (X-axis, Y-axis and Z-axis) 
are indicated in the Figures 1 -1 3, of which the X- and Y-axes define the plane of the 
respective composite substrate (X-Y plane) and the Z-axis lies in the direction of the 
thickness of the respective composite substrate. 

The composite substrate depicted in Figures 1-4 and generally referred to as 1 consists 
essentially of a ceramic plate or ceramic layer 2 that is^for example^aluminum nitride 
ceramiCjOr aluminum oxide ceramic^and in the embodiments of Figures 1 - 3 is 
provided with a textured metalization on both surfaces, on the top with the 
metal izat ion 3 and on the bottom with the metalization 4. The metal izations are 
achieved in the depicted embodiments by applying a metal foil, e.g. a copper foil to 
each surface of the ceramic layer 2 by means of the DCB technology. The texture or 
structuring of the metalizations 3 and 4 is effected with the usual means known to the 
trade, for example^by means of masking and etching processes. 

For the composite substrate 1^the metalization 3 on the top is textured in such a way 
that it forms several metal surfaces 3 ' that are provided for in several rows extending 
the direction of the X-axis and connecting with each other in the direction of the Y- 
axis. 

The composite substrate l^in the depicted embodiments^ is formed with a rectangular 
circumference, in such a way that the shorter sides extend in the direction of the X-axis 
and the longer sides extend in the direction of the Y-axis. 
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Furthermore, the metalization 3 is textured in such a way that it forms on the edges 5 
and 6 rectangular or striated metal surfaces 3 ' ' (along the edges 5) and 3 ' ' ' (along 
the edges 6), whereby the two metal surfaces 3 ' ' both extend essentially along the 
entire width (distance of the two edges 6) of the composite substrate 1 and the two 
metal surfaces 3 ' ' end with both ends in the vicinity of a metal surface (3 ' '), 
respectively. 

The metal surfaces 3 ' lie with their edges parallel to the edges 5 and 6 and thus also in 
the X-axis or Y-axis. Also the striated or elongated rectangular metal surfaces 3 ' ' and 
3 lie with their edges parallel to the edges 5 and 6 and thus in the direction of the 
X-axis or Y-axis. 

All metal surfaces 3 ', 3 ' 3 ' ' ' are at a distance from an adjacent metal surface, 
respectively, as described in more detail below. In the free areas of the ceramic layer 2 
between the metal surfaces 3 3 " and 3 , grooves forming predetermined break 
lines 7 and 8 are effected in such a way that these predetermined break lines extend 
not only between the individual metal surfaces 3 ' forming the single substrates, but 
also between the metal surfaces 3 ' ' and adjacent metal surfaces 3 ' and 3 ' ' ' as well 
as between the metal surfaces 3 ' ' ' and adjacent metal surfaces 3 \ In particular, the 
predetermined break line 7 extends in the direction of the X-axis and the 
predetermined break line 8 in the direction of the Y-axis, whereby an outer 
predetermined break line 7 that is adjacent to the metal surface 3 ' ' extends across the 
entire width of the composite substrate 1 in the depicted embodiment, i.e. also in the 
free areas of the top surface of the ceramic layer 2 between the metalizations 3 ' ' and 
3 ' The two outer predetermined break lines 8 both extend between the respective 
metal surface 3 ' ' ' and the adjacent metal surfaces 3 ' and end in the depicted 
embodiment at the metal surfaces 3 " or at the outer predetermined break lines 7 
extending parallel to these metal surfaces. 

The metalization 4 on the bottom side of the composite substrate 1 is textured in such 
a way that this metalization forms a number of metal surfaces 4 ' that correspond to the 
metal surfaces 3 ' and of which one metal surface 4 ' is directly adjacent to a metal 
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surface 3 ', respectively. Also the metal surfaces 4 ' are, in the same manner as the 
metal surfaces 3 ', arranged in several rows and lie with their edges parallel to the 
edges 5 and 6. Furthermore, the metal ization 4 forms metal surfaces 4 ' ' and 4 " ' that 
correspond to the metal surfaces 3 ' ' and 3 and of which each metal surface 4' ' 
and 4 lies adjacent to a metal surface 3 ' ' and 3 , respectively. The metal 
surfaces 4 4 ' ' and 4 ' ' ' are at a distance from each other at the predetermined 
break lines 7 and 8, so that the bottom of the ceramic layer 2 there is free. 

Along the predetermined break lines 7 and 8>the composite substrate, especially after 
texturing of the metal surfaces 3 ' and after assembly, can be separated into single 
substrates or into electric components formed by said substrates by breaking along the 
predetermined break lines 7 and 8, whereby an opening of the composite substrate 1 is 
first necessary, wherein the edges provided with the metal surfaces 3 ' ' and 3 ' ' ' and 
4 ' ' and 4 are broken off, along the outer predetermined break lines 7 or 8. This 
opening is possible only in a certain sequence, wherein first the outer edges possessing 
the metal surfaces 3 ' ' and 4 ' ' and then the outer edges possessing the metal surfaces 

3 ' ' * and 4 ' ' ' are broken off. By means of the metal surfaces 3 ' 4 ' ' and 3 ' ' 

4 , which bridge especially the predetermined break line 7 and 8 extending 
between the metal surfaces 3 unintentional breakage of the composite substrate 1 is 
effectively prevented. 

Figure 3 shows a partial cross-section through the composite substrate of Figure 1 . SE 
in this figure designates the planes extending perpendicular to the XY plane that 
enclose the predetermined break lines 7 or 8. As depicted in Figure 3, all metal 
surfaces 4 ' of these middle planes SE have a distance dl . The edges of all metal 
surfaces 3 3 ' ' and 3 ' ' ' have a distance of d2 from the adjacent plane SE extending 
parallel to the respective edge. This applies both for the planes SE that are parallel to 
the XZ plane and parallel to the YZ plane. 

In the depicted embodiment the thickness of the metalization 3 and 4 is, for example, 
0.1 5 - 1 .0 mm. Moreover, for the composite substrate 1 , the respective distance d2 is 
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greater or equal to d1, whereby dl, for example, is on the order of 1 .0 to 0.05 mm. For 
the composite substrate 1 the distances d2 are greater than 1 mm. 

The predetermined break lines 7 and 8 are produced, for example, by laser processing, 
e.g. by laser etching. The predetermined break lines 7 and 8 can, however, also be 
produced by some other means, e.g. by means of mechanical processing. 

Due to the high processing temperatures and the differing heat expansion coefficients 
of the ceramic material and of the metal of the metalizations during the application of 
the metalizations 3 and 4 to the ceramic layer 2, mechanical tensions occur in the 
substrate that are then partially resolved during the texturing of the metalizations 3 and 
4 or during the texturing of the metal surfaces 3 whereby residual mechanical 
tensions remain in the composite substrate, the orientation and size of which cannot be 
controlled. 

In separating the composite or multiple substrate into single substrates by breaking 
along the predetermined break lines 7 and 8,it can therefore occur that in unfavorable 
cases a partial residual tension in the composite substrate is added to the forces or 
tensions arising during breaking in such a way that the breakage does not take place in 
the desired manner along the respective predetermined break line 7 or 8, but along a 
deviating random break line, indicated in Figure 4 by the broken line 9. 

Especially when the separation of the composite substrate does not take place until 
after the addition of components, such uncontrolled breaks 9 can cause considerable 
damage, since the respective single substrates are then no longer usable. The damage 
in this case is not limited to the costs of the single substrate, but also includes the labor 
and machine costs for assembly and the costs of the components that have been 
assembled on such a defective single substrate. As a rule of thumb, the value of an 
assembled single substrate is approximately 10 times that of an unassembled single 
substrate. 

In order to avoid such uncontrolled breaks ^ while keeping the distances d1 as small as 
possible, so that the metal surface 4 ' provided for on the bottom of the respective 
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single substrate extends as nearly as possible to the edge of this single substrate, as 
generally required for various reasons, the metal surfaces 4 ' on the bottom side are 
provided with a reduction along their edges (edge reduction), generally designated by 
10 in Figure 3. 

This edge reduction 10 can, as described in more detail below, be achieved in a 
variety of ways, but is in any case formed in such a way that in the area of this edge 
reduction 10 the metal volume or the metal mass per volume unit is reduced. The 
width of the edge reduction is designated by a in Figure 4 and is, for example, on the 
order of 0.2 to 6 mm. The reduction of the metal mass or the metal volume is such that 
the metal mass on the edge reduction 10 is only about 10 to 80% of the metal mass of 
a metal surface 4 ' without edge reduction, with reference to a specific volume unit. 
The edge reduction 10 is also provided for on the metal surfaces 4 " and 4 " along 
the edges adjacent to the predetermined break lines 7 and 8, i.e. along the planes SE. 

It has been shown that it is possible by means of this edge reduction 10 to provide the 
metal surfaces 4 ' with the small distance dl from the planes SE while still strongly 
reducing uncontrolled breaks 9, so that altogether a reduction of refuse of up to 75% is 
possible as compared with conventional methods. Edge reductions on the metal 
surfaces 3 3 " and 3 " ' corresponding to the edge reductions 10 are then necessary 
or at least desirable, if the distances d2 are smaller than 1 mm. 

Figures 6-15 show examples of various possibilities for forming the edge reduction 
10. Figure 5 depicts an edge reduction 10a that is formed by beveling of the edges of 
the metal surfaces 4 ', 4 ", 4 " ' adjacent to the planes SE, whereby the diagonal edge 
surface 1 1 formed here is in an angle a that is smaller than 45°. 

Figures 6 and 7 show an edge reduction 10b wherein rows of hole-like depressions 12 
are formed along the edges of the metal surfaces 4 ', 4 4 " ' adjacent to the planes 
SE, whereby these depressions 12 extend to the bottom side of the ceramic layer 2 and 
have a diameter, for example, of approximately 0.4 to 0.5 mm. The depressions 1 2 
form a simple row of holes in this embodiment. In a possible embodiment, the 
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depressions 12 have a diameter of approximately 0.5 mm. The width a of the edge 
reduction 10b, within which (width) also the depressions 12 are located, is, for 
example 0.8 mm, with a distance d1 of approximately 0.5 mm. The width a is hereby 
defined such that a is the maximum distance that the edges of the depressions 12 have 
from the adjacent edge of the metal ization. 

Figure 8 shows a possible embodiment in which the edge reduction 10c is formed by 
the outer depressions 12, i.e. directly adjacent to the edges of the respective 
metaiization 4 ', 4 ' 4 and additional inner depressions 1 3. The latter are offset in 
relation to the depressions 12 and form, in addition to the outer row of holes 
(depressions 12) an inner row of holes (depressions 13), whereby both the depressions 
1 2 and the depressions 1 3 extend to the bottom side of the ceramic layer 2. The 
diameter of the depressions 1 3 in this embodiment is smaller than the diameter of the 
depressions 12. For example, the width a of the edge reduction 10c, within which 
(width a) all depressions 12 and 13 are located, is approximately 1.4 mm, whereby the 
diameter of the outer depressions is approximately 0.6 mm and that of the inner 
depressions approximately 0.4 mm. The width a is hereby defined such that a is the 
maximum distance that edges of the depressions 1 3 have from the adjacent edge of the 
metaiization. 

Figure 9 shows as a further possibility for an edge reduction lOd wherein the edges of 
the metal surfaces 4 4 ' ' and 4 ' ' ' adjacent to the planes SE are provided with 
depressions 14 that are open toward these edges, resulting in meandering edges. The 
depressions 14 extend likewise to the bottom side of the ceramic layer 2. 

In general, with respect to the edge reductions 10b - lOd it is also possible to design 
all or only some of the depressions 12, 13 or 14 such that they do not extend to the 
bottom side of the ceramic layer 2, but rather a remainder of the metaiization 4 forms 
the bottom of the respective depression. 

Figures 10 and 1 1 show as a further possibility an edge reduction lOe that is formed by 
a graduation 1 5 of the edges of the metal surfaces 4 4 ' 4 ' ' ' adjacent to the planes 
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SE, i.e. within the width a of the edge reduction lOe the thickness of the material of the 
respective metal surface increases in steps, for example in the embodiment of Figures 9 
and 10 in one step. In general, several steps 15 can also be provided for. 

Figures 1 1 and 12 show as a further possible embodiment an edge reduction lOf 
wherein the metal surfaces 4 4 ' ' and 4 are each provided with a groove-like 
depression 16 that extends along the edges of the metal surfaces extending along the 
planes SE and adjacent to these planes, whereby the depression 16 on the metal 
surfaces 4 ' is designed as a self-contained groove- 
In order to demonstrate that, for smaller distances d2, it is at least desirable to provide 
also the metal surfaces 3 ', 3 ' ' and 3 on the top side of the composite substrate 1 
with a corresponding edge reduction, edge reductions lOe and lOf are depicted also 
for the metal surfaces 3 3 " and 3 " ' in Figures 10-13. 

Of course, the individual edge reductions 10a - 1 0f can also be combined, for 
example on one side of the composite substrate 1, respectively, or on several sides. 
Furthermore, edge reductions 10 are provided for only where corresponding metal 
surfaces 3 3 3 " ' or 4 4 4 ' " are provided for. 

Figures 14 and 15 show as a further possible embodiment similar to Figures 1 and 3 a 
composite substrate la that differs essentially from the composite substrate 1 only in 
that the metal surfaces 4 ' ' and 4 ' " provided for on the edges 5 and 6 are not 
present, but only the metal surfaces 3 " ' and 3 on the top side of the composite 
substrate. 

Figure 16 shows a composite substrate 1b that corresponds, for example, to the 
composite substrate 1 or 1a, but in which the metal surfaces 3 ' provided for on the top 
side for the formation of conductors, contact surfaces etc. are textured for the single 
substrates as schematically depicted in this figure by the numbers 1 7, 18 and 19. On 
the textured surface areas 1 8, components in the form of semiconductor chips 20 are 
attached that are electrically connected by means of wire bonds to the corresponding 
textured areas 17 and 18 forming the electric contact surfaces or connections. Although 

A19535.DOC 



91 'S 90TS6i 1*6 6W- 



000S-Nnr-S0 



15 

only depicted for a single substrate or one metal surface 3 all metal surfaces 3 ' are 
textured in this manner and assembled with components, so that a large card or a 
composite printed board or an assembled composite substrate is produced that is not 
separated into single substrates or into the individual components or switching circuits 
until after assembly. 

In the above sample embodiments an edge reduction 10 was provided for on the metal 
surfaces 4 4 ' ' or 4 " ' (of course, only insofar as these metal surfaces exist) and if 
applicable also on the metal surfaces 3 3 ' ' and 3 ' ' ' along all edges adjacent to a 
plane SE. 

Figure 17 shows in a depiction similar to Figure 2 as a further possibility a composite 
substrate 1c in which edge reductions 10 are provided for only along part of the edges 
of the metal surfaces 4 " , 4 ' ' or 4 ' ' ' and if applicable also only on part of the edges 
of the metal surfaces 3 3 ' ' and 3 ' ' again of course only if the respective metal 
surfaces actually exist. 

The embodiment depicted in Figure 1 7 is based on the knowledge that random breaks 
9 tend to occur when, during separation or breaking of the composite substrate into 
single substrates, the breakage takes place along a predetermined break line 7 or 8 that 
extends across several single substrates. For example, if the separation of the composite 
substrate 1c takes place according to the rule or breaking sequence indicated below, 
then an edge reduction 10 is not necessary on those edges of the metal surfaces 3 ' that 
are adjacent to the predetermined break lines 8 extending between these metal 
surfaces 3 ' or the planes SE that enclose the predetermined break line 8 extending 
between the metal surfaces 4\ The same holds true for the metal surfaces 3 insofar 
as an edge reduction is necessary or desirable on these. 

In Figure 1 7 the edges of the metal surfaces 4 4 ' 4 ' ' ' that are provided with an 
edge reduction 10 are also cross-hatched. The edges that do not have an edge 
reduction 10 are depicted as a straight line. As can also be seen in Figure 1 7, the metal 
surfaces 4 ' are not provided with the edge reduction 10 on an edge that is adjacent to 
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a group of predetermined break lines extending between these metal surfaces, namely 
the predetermined break lines 8 extending in the Y-axis, but on all other edge areas. 

The opening of the composite substrate 1c and breaking of this substrate into single 
substrates then takes place in the following sequence: 

1 . Breaking of the edges possessing the metal surfaces 3 " or 4 ' 

2. Breaking of the edges possessing the metal surfaces 3 " ' or 4 ' ' '; 

3. Successive breaking of the rows or strips in this embodiment, each possessing three 
single substrates, and extending in the X-axis along the predetermined break lines 7, 
for example beginning from the upper edge of the composite substrate 1 c in Figure 1 7. 

4. Breaking of the single strips produced in this way, each with three single substrates, 
along the very short remaining predetermined break line 8 in the single strips, into 
single substrates. 

Since the breaking of the strips into single substrates in accordance with number 4 
above takes place on predetermined break lines 8, the remaining length of which 
corresponds to the width of a single substrate, random breaks 9 are less likely here, so 
that an edge reduction 10 is not necessary along the predetermined break lines 8 
extending between the metal surfaces 3 ' or 4 \ 

In general, it is also possible to change the breaking sequence, i.e. after breaking off 
the outer edges possessing the metal surfaces 3 ' ' or 4 ' ' and 4 ' ' ' or 4 ' ' ' to first 
produce strips of single substrates by breaking along the predetermined break lines 8 
and then to break these along the predetermined break lines 7. With this breaking 
sequence edge reductions 10 are in any case also necessary along the predetermined 
break lines 8 extending between the single substrates, while edge reductions along the 
predetermined break lines 7 extending between the single substrates are not necessary. 

It is, however, generally true that the breaking should always take place on 
predetermined break lines that are as short as possible, i.e. in a rectangular 
embodiment of the composite substrate with the longer side in the direction of the Y- 
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axis and the shorter side in the X-axis, the breaking into strips necessarily takes place 
along the shorter predetermined break lines 8. 

The invention was described above using sample embodiments. Of course, numerous 
alternations and adaptations are possible without abandoning the underlying inventive 
idea of the invention. 
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List of reference symbols 



1, la, 1b, 1c 
2 

3,4 

3', 3", 3'" 

4',4",4'" 

5, 6 

7,8 

9 

10, 10a, 10b, 10c, 10d, lOe, 
10f 

12, 13, 14 

15 

16 

17,18,19 
20 



composite substrate 
ceramic layer 
metal ization 
metal surface 
metal surface 
edge 

predetermined break line 
random break line 
edge reduction 

beveling or diagonal edge surface 

depression 

graduation 

depression 

textured metal surface 
component 
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